blotch; and Septoria tritici Roberge in Desmaz. (teleomorph = Mycosphaerella graminicola (Fuckel) J. Schrot. in Cohn), cause of Septoria leaf blotch. Several of these pathogens form a leaf spot disease complex. The proportion of each pathogen in this complex may vary depending on the environment and location (7, 8, 15) . A number of these leaf-spotting pathogens have been reported on grasses, particularly intermediate wheatgrass (5, 6, 11, 12, 14, 19) . Thus, these pathogens when present on plant residue could carry over to the wheat crop, particularly when plant residue is left on the soil surface. The study objective was to determine if management practices, including residue management, used to convert CRP grassland to cropland affect the severity of leaf spot diseases of winter wheat grown after CRP.
MATERIALS AND METHODS
Field plots were located on a farm near the Northern Great Plains Research Laboratory, southwest of Mandan, ND, on an Amor loam (fine-loamy, mixed Typic Haploborolls)-Williams loam (fine-loamy, mixed Typic Argiborolls) soil association with a slope of 3 to 15%. The field was in a spring wheat-fallow rotation prior to being converted to CRP grassland in 1987. The residual soil nitrate-nitrogen prior to the initiation of treatments was 22 kg/ha (20 lb/ac) to a depth of 1.5 m. The converted plot area was in CRP for 7 years with a vegetative cover consisting of an intermediate wheatgrass (Thinopyrum intermedium subsp. intermedium (Host) Barkw. & Dewey)-alfalfa (Medicago sativa L.) mixture. Precipitation was automatically measured with a tipping bucket rain gauge at the site, and data were recorded with a Campbell CR10 datalogger.
The management treatments used for the conversion of the CRP grassland into cropland included a 2 × 3 × 2 factorial of: hayed (aboveground plant biomass removed) and nonhayed plots (all plant biomass left in plots); conventional till, minimum till, and no till; and nitrogen application and no additional nitrogen. The conventional till treatments were disked prior to planting to obtain <30% surface residue cover at planting. The minimum till treatments were undercut with a sweep plow at a shallow depth prior to planting to obtain 30 to 60% surface residue coverage prior to planting. The no till treatments were not tilled and had >60% surface residue cover at planting. The no till treat-ments received an application of glyphosate contact herbicide within 24 h of planting. Nitrogen fertilizer was applied in early spring as an application of NH 4 NO 3 at a rate of 67.2 kg N/ha (60 lb nitrogen/ac). The experimental design was a strip-strip-strip plot design with the hay and nitrogen rate treatments stripped and tillage as the subplots within four replications. Each replicate of the study was 30.5 × 55 m in size. Hayed or nonhayed plots (27 × 30.5 m) were oriented in an eastwest direction. Tillage plots (9 × 30.5 m) were within the hayed treatments in the same east-west direction. Nitrogen or no additional nitrogen treatments (15 × 55 m) were oriented in a north-south direction across hayed and tillage treatment plots. The smallest experimental unit with the combination of all variables was 9 × 15 m.
Aboveground plant biomass was removed for the hayed treatment plots on 11 October 1994. On 14 October, the conventional till and minimum till treatments were undercut with a sweep plow. In the spring, the conventional till was tandem disked twice prior to seeding spring wheat, and the minimum till was undercut with a sweep plow prior to seeding. ) on all treatments. The winter wheat crop was evaluated for leaf spot diseases nine times in 1996 (18 June through 15 July) and 13 times in 1999 (8 June through 2 July). The total percentage of necrosis and chlorosis was visually assessed for individual wheat leaves and used as an indicator of the amount of damage caused by leaf spot diseases. Twenty leaves of the same leaf type (e.g., flagleaf) from plants at the same stage of plant development were collected from each of the 48 experimental units at each evaluation. The leaves rated were the flagleaf-2, flagleaf-1, and flagleaf. The growth stages ranged from boot through heading (10 to 10.5, Feekes scale [18] ) for the flagleaf-2 ratings, from heading through anthesis (10.5 to 10.5.4, Feekes scale [18] ) for the flagleaf-1 ratings, and from anthesis through milk/dough (10.5.1 to 11.2, Feekes scale [18] ) for the flagleaf ratings.
For evaluation of fungi present, green wheat leaves with lesions, which were collected during the evaluations, were pressed, allowed to dry, and stored in a refrigerator at 3°C until they were processed. One to six months after collection, leaf sections about 3 cm long were surfacesterilized for 3 min in a 1% sodium hypochlorite solution containing a surfactant, rinsed in sterile distilled water, plated on water agar in plastic petri dishes, and incubated under a 12-h photoperiod (cool-white fluorescent tubes) at 20°C. After 7 days, leaf sections were microscopically examined for fungi. Fungi were identified under the microscope by the morphology of the conidia, pycnidia, and pycnidiospores. The number of leaf sections infected with a particular fungus was used as an indicator of the relative importance of that fungus in causing leaf spot diseases in the field. Sixty-four leaves from 1996 and 288 leaves from 1999 were processed.
An analysis of variance was conducted using the arcsine-transformed percentage necrosis data (SAS version 6.12, SAS Institute, Cary, NC) for each disease assessment ( Table 1 ). The analyses were used to obtain a general pattern or statistical trend for treatments and interactions. An analysis of variance was also used to evaluate the yield data. Statistical comparisons within each evaluation were made with Student-Newman-Keul's test (SAS) when the analysis of variance F test was significant at the P ≤ 0.05 probability level. Statistical differences were evaluated at the probability of P ≤ 0.05.
RESULTS AND DISCUSSION
Leaf spot disease complex. Of the 64 winter wheat leaf sections processed from 1996, 95% were infected with D. triticirepentis, 94% with S. nodorum, 23% with S. avenae f. sp. triticea, 13% with S. tritici, and 6% with B. sorokiniana. Of the 288 leaf sections processed from 1999, 100% were infected with D. tritici-repentis, 14% with S. nodorum, 7% with S. avenae f. sp. triticea, 5% with S. tritici, and 0% with B. sorokiniana. Overall, tan spot was the most common disease on winter wheat, followed by Stagonospora nodorum blotch. In general, the 1996 results are consistent with the pattern of fungal isolations from wheat in central North Dakota. For example, in another study, 93% of 96 spring wheat leaf samples were infected with S. nodorum and 81% with D. tritici-repentis in 1996, and 85% of 240 spring wheat leaf samples were infected with S. nodorum and 65% with D. tritici-repentis in 1997 (17) . Considering that S. nodorum is usually a main component of the leaf spot disease complex in this region, the decreased isolation of S. nodorum in 1999 compared with 1996 was unexpected. Ordinarily, with increased levels of precipitation as in 1999 (Fig. 1) , one would expect an increase in frequency of isolation of S. nodorum (8; J. M.
Krupinsky, unpublished data). B. sorokiniana was a minor component in the leaf spot disease complex on winter wheat. Thus, even though the research plots were converted from grassland and were sur- x FL = flagleaf or top leaf; FL-1 = first leaf below the flagleaf; FL-2 = second leaf below the flagleaf. The growth stages ranged from boot through heading (10 to 10.5, Feekes scale [18] ) for the flagleaf-2 ratings, from heading through anthesis (10.5 to 10.5.4, Feekes scale [18] ) for the flagleaf-1 ratings, and from anthesis through milk/dough (10.5.1 to 11.2, Feekes scale [18] ) for the flagleaf ratings. y Overall average disease severity. z * = significant at P ≤ 0.05; ** = significant at P ≤ 0.01. x FL = flagleaf or top leaf; FL-1 = first leaf below the flagleaf; FL-2 = second leaf below the flagleaf. The growth stages ranged from boot through heading (10 to 10.5, Feekes scale [18] ) for the flagleaf-2 ratings, from heading through anthesis (10.5 to 10.5.4, Feekes scale [18] ) for the flagleaf-1 ratings, and from anthesis through milk/dough (10.5.1 to 11.2, Feekes scale [18] ) for the flagleaf ratings. y Overall average disease severity. z * = significant at P ≤ 0.05; ** = significant at P ≤ 0.01. x FL = flagleaf or top leaf; FL-1 = first leaf below the flagleaf; FL-2 = second leaf below the flagleaf. The growth stages ranged from boot through heading (10 to 10.5, Feekes scale [18] ) for the flagleaf-2 ratings, from heading through anthesis (10.5 to 10.5.4, Feekes scale [18] ) for the flagleaf-1 ratings, and from anthesis through milk/dough (10.5.1 to 11.2, Feekes scale [18] ) for the flagleaf ratings. y Overall average disease severity. z * = significant at P ≤ 0.05; ** = significant at P ≤ 0.01.
rounded by a CRP grassland (intermediate wheatgrass-alfalfa mixture) there was not a major presence of spot blotch on winter wheat.
Leaf spot diseases and management practices. The severity of leaf spot diseases on Roughrider winter wheat was not influenced by haying, removal of plant biomass, when the grassland was converted to cropland (Tables 2 to 4 ). Although there were three significant interactions (hay × nitrogen, hay × tillage, and hay × nitrogen × tillage) out of 22 analyses, there was no consistent pattern (Tables 2 to 4) . Apparently, the removal of grass residues and the possible inoculum of plant pathogens carried over on the residue did not influence the severity of diseases present in the plots. Thus, an increase in leaf spot diseases would not be a cause for concern to producers leaving the accumulated vegetation and organic residues on the surface to prevent soil erosion on these highly erodible lands.
The application of nitrogen decreased the severity of leaf spot diseases (an average of 13%) for a range of disease severities on the top three leaves of winter wheat in 1996 (Fig. 2) . Disease severity was significantly lower on winter wheat plants that had additional nitrogen compared with those without a nitrogen application in eight out of nine evaluations (Table 2). A consistent pattern was again detected in 1999 with lower disease severities (an average of 14% less) on plants receiving a nitrogen application (Fig. 3) . Disease severity was significantly lower on plants with additional nitrogen in nine out of 13 evaluations (Tables 3 and 4 ). This increase in leaf spot severity with nitrogen deficiency is consistent with other reports. In the same region, Krupinsky et al. reported that when significant differences were evident for nitrogen treatments, higher disease severity was associated with low nitrogen treatments (15) . In Saskatchewan, Fernandez et al. observed an increase in leaf spot severity on spring wheat with an increase in nitrogen deficiency (7). In Indiana, Huber et al. reported that the severity of tan spot on soft red winter wheat cultivars decreased as the rate of nitrogen increased (9) . Although yields for the nitrogen treatment were not significantly different in 1996 (Table 5) , a lower yield (2,103 kg/ha [31 bu/ac]) was associated with the no additional nitrogen treatment compared with the additional nitrogen treatment (2,338 kg/ha [35 bu/ac]). In 1999, yield differences for the nitrogen treatments were significant (Table 5) , with a yield of 1,464 kg/ha (22 bu/ac) for the no additional nitrogen treatment compared with 2,369 kg/ha (35 bu/ac) for the additional nitrogen treatment. With higher precipitation levels during the growing season in 1999 (29 cm compared with 21 cm from 1 April to 31 July; Fig. 1 ), environmental conditions were more favorable for disease z ** = significant at P ≤ 0.01; * = significant at P ≤ 0.05; NS = not significant at P ≤ 0.05. development in 1999. During May, when the crop was elongating, the difference in precipitation was even more dramatic, 15 cm in 1999 compared with 6 cm in 1996. These results point out the importance of adequate or supplemental nitrogen when converting CRP grassland to cropland, especially with higher precipitation levels.
Neither the presence of alfalfa in the CRP grassland nor the presence of the legume pea in the crop rotation appeared to provide adequate residual nitrogen for the winter wheat crop. There were no significant differences among the tillage treatments for leaf spot diseases in 1996 (Table 2 ). In contrast, a pattern of higher disease severity with the no till treatment compared with the conventional till and minimum till treatments was found in 1999 (Fig. 4) . Differences in disease severity were significant in eight of the 13 evaluations (Tables 3 and 4) . Thus, higher disease severities were associated with the higher residue level when environmental conditions are more favorable for disease development. Although there were no significant yield differences with the tillage treatments in 1996 (Table 5 ), a yield of 2,071 kg/ha (31 bu/ac) was associated with the no till treatment compared with 2,318 kg/ha (34 bu/ac) for the minimum till treatment and 2,272 kg/ha (34 bu/ac) for the conventional till treatment. With significant yield differences in 1999 (Table 5 ), a yield of 1,752 kg/ha (26 bu/ac) for the no till treatment was similar to the minimum till treatment (1,927 kg/ha [29 bu/ac]) but less than the conventional till treatment (2,069 kg/ha [31 bu/ac]). Yields for the minimum till and conventional till treatments were similar. Reduced tillage often results in increased foliar disease severity, but these differences are not always economically important in the more arid regions of the northern Great Plains, because the environmental conditions, such as rainfall events, favorable for pathogen dissemination and infection occur more sporadically compared with higher rainfall areas (1,2) ; but with the higher precipitation levels in 1999, more disease and lower yield were associated with the no till treatment.
Multiple evaluations for disease severity on winter wheat over 2 years evaluated the impact of management practices, including residue management, on disease development on winter wheat. Overall, the initial effect of haying of CRP grassland had no significant influence on leaf spot diseases on winter wheat. Tillage treatments did not influence the amount of disease in 1996; but with higher precipitation in 1999, higher levels of disease and lower yield were associated with the no till treatment in comparison with the conventional till treatment. The severity of leaf spot diseases was consistently lower when nitrogen was applied. This indicates the importance of nitrogen application when converting CRP grassland. Fig. 4 . Percent leaf necrosis caused by the leaf spot disease complex on Roughrider winter wheat related to tillage (conventional till = <30% cover, minimum till = 30 to 60% cover, no till = >60% cover) averaged over nitrogen and hay treatments; FL = flagleaf, FL-1 = first leaf below FL, FL-2 = second leaf below FL. The growth stages ranged from boot through heading (10 to 10.5, Feekes scale [18] ) for the flagleaf-2 ratings, from heading through anthesis (10.5 to 10.5.4, Feekes scale [18] ) for the flagleaf-1 ratings, and from anthesis through milk/dough (10.5.1 to 11.2, Feekes scale [18] ) for the flagleaf ratings.
